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What is in a SoC FPGA – Architecture and Available 

Devices from Altera and Xilinx 

 

Design and Development Tools for FPGA , ARM Hard 

Processor core and NIOS Soft Processor core 

 

Altera Cyclone V SoCKit 

 

LLRF system Design Example on the SoCKit  
 

Introduction 
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SOC FPGA 
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Development Tools and Devices 

Altera Xilinx 

Quartus II ISE 

QSYS VIVADO 

Nios EDS (soft processor core) 
SDK Embedded Software Tools 

DS-5  (ARM hard processor core) 

DSP Builder (Altera Simulink 

BlockSet) System Generator 

Cyclone V SoC,  Arria V SoC ZYNQ-7000 

460K LE, 20 Mb  Onchip RAM 444K LE, 24 Mb Onchip RAM 
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SoC System Architecture 

• Processor 
– Dual-core ARM® Cortex™-A9 MP Core™ processor 

– 4,000 MIPS (up to 800 MHz per core) 

– NEON coprocessor with double-precision FPU 

– Rich set of embedded peripherals 

– 32-KB/32-KB L1 caches per core 

– 512-KB shared L2 cache 
 

• Multiport SDRAM controller 
– Up to 533-MHz DDR3 and LPDDR2* 

– Up to 400-MHz DDR2 

– Integrated ECC support 

– Cache coherency between ARM & FPGA IP 
 

• High-bandwidth on-chip interfaces 
– > 125-Gbps HPS-to-FPGA interface 

– > 125-Gbps FPGA-to-SDRAM interface 

 



P. Varghese,10-01-13 6 

 (AXI, 32 / 64 / 128 bit) 

(AXI, 32 / 64 / 128 bit) 

(AXI 32-bit) 

 

FPGA-to-HPS SDRAM  

 

FPGA clocks and resets 

 

(FPGA JTAG) 

 

 (HPS trace data to FPGA) 

(FPGA trace events to HPS trace)) 

 (FPGA triggers to/from HPS ) 

 

 (4 channels) 

 

 (FPGA config, boot  and GPIO signals) 

 

(MPU interrupts from FPGA) 

 

(MPU status to FPGA) 

FPGA-to-HPS bridge (L3 Interconnect) 

HPS-to-FPGA bridge 

Lightweight HPS-to-FPGA bridge 

 

(Up to six ports, 32 / 64 / 128 / 256 bit) 

 

HPS clocks and resets 

 

HPS-to-FPGA JTAG (Scan Manager) 

 

TPIU trace  

FPGA System Trace Macrocell (STM) 

HPS Cross-trigger  

 

DMA peripheral interface 

 

FPGA manager interface  

 

MPU Interrupts (64)  

 

MPU standby, wake and events  

FPGA HPS 

FPGA – HPS Connections 
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SoCKit Peripherals 
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LLRF Hardware and Software 
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MFC VXI  Card 
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LLRF System Example 
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FPGA Design Flow 

Create Quartus II 

Project 
(Select SoC Device) 

Create Qsys Project 
(from Quartus II) 

Add/Configure 
HPS IP 

Add IP to Qsys 
System 

Add Custom IP to 
Qsys System 

Interconnect  
Components  

Generate Qsys 
System 

Instantiate Qsys System 
in Quartus Project 

Run Analysis & 
Elaboration 

Create I/O Assignments 
(DDR,HPS Bank VCC) 

Compile Quartus II 
Project 

HW Verification SW Handoff 

Perform Functional 
Simulation 
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QSYS System Interconnect Tool 
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Interconnect Detail 
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FPGA Project for Example Design  
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FPGA Project for 8-Cavity CM 
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Hardware/Software Design Flow 

Pre-Loader 

Settings 

Directory 

ACDS 

.sopcinfo 

.svd 

Handoff 

DeviceTree 

Generator 

DS-5 

Debugger 

Preloader 

Generator 
Preloader 

Device Tree 

HW Design 

.sof 

SoC EDS 
For 

Linux 

Handoff 

files 

http://www.google.com/imgres?imgurl=http://www.quest-qld.com/images/Linux-penguin-huge-704931.jpg&imgrefurl=http://www.quest-qld.com/fonts/index.html&h=1300&w=1100&sz=102&tbnid=KhpyyNeIYYTv3M::&tbnh=150&tbnw=127&prev=/images?q=linux+penguin&usg=__HjlgcCFwoJ7OpXTHs-iWya4hbyM=&ei=0MS-SfaBCJfFtge424z3Cw&sa=X&oi=image_result&resnum=1&ct=image&cd=1
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HPS Boot Stages 
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Device Tree 

• A Data Structure for describing hardware 

• Enables Device Drivers to be linked to Linux kernel at run-time 
– No Linux kernel recompile required 

– Drivers loaded dynamically after loading Device Tree 

– Device Tree embedded in FPGA memory  

– Correct drivers are always loaded 
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Debug Interfaces 
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DS-5 Debugger for ARM 
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Nios EDS Debugger 
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Cross Domain Debug1 
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Cross Domain Debug 2 
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Console Output 
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SUMMARY 

SoC FPGA’s offer the performance of application class processors 

with high bandwidth connections to the FPGA.  

 

A set of high level design and debugging tools provide 

 the opportunity to develop complex systems with reduced 

development time and easier troubleshooting.   

 

Regardless of the choice of crate standard SoC FPGA’s should help 

 reduce system costs as there is less of a need for a CPU card. 

 

Board designs without external processors should simplify 

architecture while offering higher performance 
 

Thank You ! 


